RNA polymerase was purified from both vegetative and symbiotic forms of Rhizobium japonicum strain 311 b 110 and the physical and transcriptional properties of the enzyme were compared. The subunit composition of the enzyme from both sources appeared similar when analysed by SDS-polyacrylamide gel electrophoresis. Removal of an 82 kDal protein from the purified enzyme from either source, using procedures developed for isolation of the sigma factor from Escherichiu coli RNA polymerase, resulted in a decreased ability of the enzyme to utilize phage T4 DNA as a template in uitro. These results indicate that the 82 kDal protein may act as a sigma-like factor for the RNA polymerase of R. japonicum. The transcriptional specificity of the enzyme from both sources was similar using a variety of exogenous DNA templates. There were no apparent differences in the kinetic properties of the enzyme from both sources, or in the specificity of promoter utilization when phage T7 DNA was used as a template. This would indicate that a novel form of RNA polymerase may not be responsible for the transcription of nu' genes in the symbiotic state.
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I N T R O D U C T I O N
Bacteria of the genus Rhizobium are capable of establishing a species specific symbiotic relationship with legumes. Within the plant roots, vegetative bacteria undergo a process of cellular differentiation to form symbiotic cells referred to as bacteroids, which fix Nz. During this process of differentiation, a number of new gene products which are required for the process of N, fixation in the mature bacteroid are induced or derepressed: these include the nif'gene products (Bergersen & Turner, 1967) , the cytochromes c550, cSs2, P-420, P-428 and P-450 (Appleby, 1969a) and the haem biosynthetic enzymes (Nadler & Avissar, 1977) . In addition, the bacteria also undergo changes in cellular metabolism (Rawsthorne et al., 1980) , and fail to synthesize certain cytochromes which are present in the vegetative state (Appleby, 19693) . The bacterial genome codes for all of the gene products necessary to reduce N2 to ammonia (Keister, 1975; Pagan et al., 1975; Tjepkema & Evans, 1975) ; however, the expression of the nifgene and other symbiotic genes normally occurs only in the symbiotic state.
The transcriptional control mechanism(s) responsible for the selective expression of these genes in the symbiotic state is, as yet, unknown. As a first step in analysing the transcriptional control of the nif'gene and symbiotic genes in vitro, we have purified RNA polymerase from both vegetative and symbiotic forms of Rhizobium japonicum. This enzyme was characterized to determine if any gross structural differences existed between RNA polymerase isolated from the two sources. New or modified forms of RNA polymerase have been shown to be responsible for the transcription of specific genes required for the development of a number of bacteriophages (Doi, 1977) , and in the process of sporulation in Bacillus subtilis (Haldenwang & Losick, 1980; Haldenwang et a/., 1981) . In this paper, we tested whether a novel form of RNA polymerase might also act in symbiotic cells as a mechanism for the selective expression of nif-related functions.
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Materials. GTP, CTP, UTP and calf thymus DNA were from P-L Biochemicals, Milwaukee, Wis., USA. [5, TBq mmol-I)] was from New England Nuclear. ATP, heparin and rifampicin were from Sigma. Cellulose and DEAE-cellulose were from Whatman. DNA-cellulose was prepared by the method of Alberts & Herrick (1971) . All other chemicals were reagent grade. Escherichia coli RNA polymerase, phage A DNA and phage P22 DNA were generous gifts from Dr A. Revzin, Michigan State University, USA. Wild-type T7 and T7 DI 1 I phages were obtained from Dr S. Shamblatt, Michigan State University, USA. Phage T7 DNA was purified as described by Minkley & Pribnow (1973) . R. japonicum strain 311b 110 was kindly provided by Dr D. Weber, USDA, Beltsville, Md., USA.
Mediu ant/ growth yf'cells. R . juponicum strain 31 1 b 1 10 was grown on a gyratory shaker (200 r.p.m.) at 30 "C in a medium containing (per litre): 10 g mannitol, 2 g yeast extract, 0.2g KH2P0,, 0.3 g K2HP0,, 0.2 g MgSO, . 7H20, 0.1 g NaCl. Cultures of cells (1 litre) were grown to stationary phase in 2800 ml Fernbach flasks and harvested by centrifugation for 10 min at 3000g. Cells were either used immediately or stored at -20 "C.
Plunt growth. Soybean seeds (Clycine mux cv. Amsoy 71) were inoculated with broth cultures of R. japonicum 31 1 b 1 10 and sown in 20 cm pots filled with Perlite. The plants were maintained in the greenhouse on nitrogen-free nutrient solution (Fishbeck etal., 1973) . Nodules were harvested from 40-to 50-d-old plants and stored at -20 "C.
Isolation yf buctcmids. Frozen nodules (1 00 g) were suspended in 200 ml buffer containing 25 mM-potassium phosphate, 200 mM-ascorbate, pH 7.2, and 33 g acid-washed polyvinylpyrrolidone. The nodules were homogenizcd in a Waring blender at high speed for 1-2 min at 4 "C. The homogenate was filtered through three layers of cheesecloth followed by one layer of Miracloth. The filtrate was centrifuged at 3000 g for 5 min at 4 "C. The upper part of the pellet containing the bacteroids was resuspended and washed in 100 mM-Tris/HCl buffer, pH 7.9, and centrifuged at 3000g for 5 min at 4 "C. The pellet was used immediately or stored at -20 "C.
Purification yf'RNA polymerase,from R. juponicum vegetative cells and bacteroids. RNA polymerase (EC 2.7.7.6) was purified from stationary phase vegetative cells and bacteroids of R . juponicum 31 1 b 110 by the method of Gross r t al. (1976) with the following modifications. All steps of the purification were done at 4 "C. Freshly harvested or frozen cells (20 g wet weight) were suspended in 20 ml lysis buffer [ 100 mM-Tris/HCl, pH 7.9,O.l mM-EDTA, 0.1 mhl-dithiothreitol (DTT) for bacteria; 150 mM-Tris/HCl, pH 8.8, 0.1 mM-EDTA, 0-1 mM-DTT for bacteroids], and were disrupted by passage through a French press (1-2 passes at 1.08 x lo8 Pa). The crude extract was centrifuged at 27000g for 20 min. Solid NaCl and PEG 6000 were added to the supernatant fluid to a final concentration of 0.3 M -N~C I and 10% (w/v) PEG 6000. This solution was stirred for approximately 40 rnin and centrifuged at 5900g for 10 min. The pellet was suspended in 20 ml of a solution containing 10 mM-Tris/HCl, pH 7.9, 0.1 mM-EDTA, 5"/, (w/v) PEG 6000, 2 M -N~C I , and stirred for approximately 30 rnin or until the pellet was completely in solution. This solution was centrifuged at 12000g for 10 min. The supernatant fluid was diluted with buffer A [ 10 mM-Tris/HCl, pH 7.9,O.I mM-EDTA, 0.1 mM-DTT, 25% (v/v) glycerol] to a final concentration of 0.15 M-NaCI. The solution was applied to a DNA-cellulose column (3.5 x 4.5 cm), and the column was washed with 100 ml buffer A + 0.1 5 M -N~C I .
The enzyme was eluted with a 200 ml linear gradient from 0.15 M to 1.0 MNaCl in buffer A. The fractions from the DNA-cellulose column with the highest RNA polymerase activity were pooled, diluted with buffer A to a final NaCl concentration of 0.1 M, and applied to a DEAE-cellulose column (2.0 x 6.5 cm). The column was washed with 50 ml buffer A + 0.1 M-N~CI, and the enzyme was eluted with a 100 ml linear gradient from 0.1 to 1.0 M -N~C I in buffer A. The fractions eluted from the DEAE-cellulose column which contained RNA polymerase activity were collected and stored at -20 "C. Core RNA polymerase and the 82 kDal protein were isolated using Bio-Rex 70/DE-52 chromatography according to the method of Lowe et al. (1979) .
Standurtl RNA poljwwrusc~ assar. RNA polymerase was assayed in a mixture consisting of (final volume 100 pl): 10 mM-Tris/HCl, pH 7.9, 0.1 mM-EDTA, 0.1 mM-DTT, 10 mM-MgCl,, 0.15 mM-CTP, 0.15 mM-GTP, 0.15 mM-ATP, 0-038 mM-IJTP. 2.5 pCi (92.5 kBq) ["HIUTP, 15 pg double stranded calf thymus DNA and 15 pg bovine serum albumin (BSA). The reaction was started by the addition of enzyme, and after incubation at 37 "C for 10 rnin was stopped by the additionof 100 pl 1 %(w/v)SDS, 10 mM-EDTA. Cold lo%(w/v)TCA (2 ml) wasadded to each sample and the reaction vials were kept on ice for 30 min. Each sample was then filtered onto Whatman GF/C filters and washed with 10 ml cold 1076 (w/v) TCA. The filters were dried and the amount of radioactivity present was determined by liquid scintillation counting.
Phage T7 R N A poljsnic~ra.se a.s.su~-und unalysis of' RNA. transcripts. To determine the elongation rate and termination efficiency, RNA polymerase assays were done according to the method of Chamberlin et al. (1979) . The reaction mixture contained 3 pCi ( I 1 1 kBq) [U-I-ICIATP per 1 ml assay. To determine the specificity of promoter utilization of RN A polymerase from R. ,juponicum, "'P-labelled RNAs were synthesized under the prebinding conditions of Wiggs cf d. (1979) . The reaction mixture contained 2 pCi (74 kBq) [a-32P]UTP per assay.
R N A polymerase from vegetative cells (2 pg). or bacteroids (2 pg), or from E. coli(1 pg) was incubated at 37 "C for 5 rnin with 2.4 pg phage T7 DNA in a reaction mixture lacking nucleoside triphosphates. The reaction was started by the addition of the nucleoside triphosphates and after 5 min a solution of heparin (10 pl, I mg ml-I) was added to prevent reinitiation of transcription during the incubation. After 20 min, the reaction was stopped by the addition of 25 pl of a solution consisting of 0.1 M-EDTA, 0.1 % (w/v) SDS, 27 mM-boric acid and 30% (v/v) glycerol, and the samples were placed on ice. A sample (10 pl) of the mixture was assayed for incorporation of ["PIUMP into acid-insoluble material. The RNA synthesized in rlirro was analysed by agarose-acrylamide gel electrophoresis according to the method of Golomb & Chamberiin (1974) .
Phage T4 R N A po/j*merase assq.. RNA polymerase was assayed in a manner similar to that described for the standard RNA polymerase assay except that 6 pg phage T4 DNA was substituted for calf thymus DNA. Samples were incubated at 37 "C for 20 min and the reaction was stopped by the addition of 100 p1 of a solution containing 50 mM-sodium pyrophosphate, 50 mM-EDTA and 0.5 mg tRNA ml-I, Samples were then treated in a manner similar to that described,in the standard polymerase assay.
Glycerol gradient u/rracentr(jugarion. RNA polymerase was applied to a 5 ml linear gradient of 10-30% (v/v) glycerol containing 10 mM-Tris/HCl, pH 7.9, 0.1 mM-EDTA, 0.1 mM-DTT, 10 mM-MgCl,, 1 M-KCl. The gradients were centrifuged at 25000 r.p.m. in a Beckman SW 50.1 rotor for 24 h at 4 "C. Fractions were collected and assayed immediately for RNA polymerase activity by the standard RNA polymerase assay. Purified figalactosidase and catalase, which were added to the RNA polymerase samples before ultracentrifugation, were assayed according to standard procedures (N isman, I968 ; Orr, 1970) .
SDS-polyacr?,lami~i~ gel electrophoresis (SDS-PAGE).
Protein samples were analysed by gel electrophoresis on 8.75% (w/v) polyacrylamide slab gels (1.5 mm thick) containing 0.1 % (w/v) SDS according to the procedure of (1973) . The protein samples were heated at 100 "C for 2 min, and were then subjected to electrophoresis at 40 mA for approximately 4 h. The gels were fixed in 10% (w/v) TCA for 1 h, and stained overnight in Coomassie blue R [ 1.25 g 1-' in 2-propanol/acetic acid/water (5 : 2 : 13, by vol.)]. Gels were destained in 10% (v/v) acetic acid.
R E S U L T S
Pur@ation of RNA polymerase A summary of the purification of RNA polymerase from vegetative cells and bacteroids of R . japonicum is presented in Table 1 . Aside from differences in the total and specific activities in crude extracts, the properties of RNA polymerase isolated from both sources were similar at each stage of the purification.
The elution profiles of RNA polymerase after DNA-cellulose and DEAE-cellulose chromatography were similar for the enzyme from both sources. The enzyme was eluted from DNA-cellulose and DEAE-cellulose columns at approximately 0-55 M-NaCl and 0.2 M-NaCl, respectively, as shown in Fig. 1 for the enzyme from bacteroids.
RNA polymerase activity from both vegetative cells and bacteroids was unstable. The addition of 25% (v/v) glycerol to all chromatography buffers appeared to stabilize enzyme activity. After DEAE-cellulose chromatography, RNA polymerase was stored at -20 "C at a concentration of 0.2 mg ml-I, and under these conditions it remained active for 6-10 weeks.
Subunit composition of' RNA polymerase
The subunit composition of RNA polymerase from vegetative cells and bacteroids was analysed after DEAE-cellulose chromatography by SDS-PAGE (Fig. 2) . The protein banding patterns of RNA polymerase from both sources were similar (Fig. 2, lanes 1 and 2) , and resembled the banding pattern of RNA polymerase purified from E. coli (Fig. 2 , lane 3) . Several minor constituents also appeared to co-purify with the RNA polymerase from R . japonicum throughout the purification. The estimated molecular masses for the major protein bands of R.
juponicurn RNA polymerase corresponding to the pp', c, and a subunits of RNA polymerase from E. coli were 170, 82, and 40 kDal, respectively.
The sedimentation properties of RN A polymerase isolated from vegetative cells and bacteroids were compared by glycerol density gradient ultracentrifugation. RNA polymerase from both sources exhibited similar mobilities on linear 10-30% glycerol gradients (Fig. 3) . When glycerol gradient fractions were analysed by SDS-PAGE, the protein banding pattern did not change across the peak of RNA polymerase activity (data not shown), and was the same as the pattern observed after DEAE-cellulose chromatography (Fig. 2, lanes 1 and 2) . Fraction no. Fig. 1 . Elution profiles of RNA polymerase from bacteroids of R . japonicurn after DNA-cellulose and DEAE-cellulose chromatography. (a) DN A-cellulose chromatography. The 2 M-NaC1 supernatant fluid was diluted with buffer A and applied to a column (4-5 x 3.5 cm) of DNA-cellulose; RNA polymerase was eluted as described in Methods. Fractions (2ml) were collected and the was measured (0). RNA polymerase activity ( 0 ) was determined by assaying 10 pl samples of the column fractions. NaCl concentrations (---) were determined by conductivity measurements. (b) DEAEcellulose column profile. Fractions (87-1 17) from the DNA-cellulose column described above were diluted with buffer A and applied to a column (2.0 x 6.5 cm) of DEAE-cellulose; RNA polymerase activity was eluted as described in Methods. Fractions were collected and assayed as described in (a). Fig. 3 . Glycerol gradient ultracentrifugation of RNA polymerase isolated from R. japonicum vegetative cells and bacteroids. RNA polymerase from vegetative cells (46 pg) (a) and bacteroids (70 pg) (6) was applied to a 10-30% linear glycerol gradient as described in Methods. Gradient fractions (140 pl) were assayed for RNA polymerase activity. Activities of P-galactosidase and catalase were assayed according to procedures described in Methods.
Characterization of' the RNA polymerase reaction RNA polymerase isolated from both vegetative cells and bacteroids catalysed RNA synthesis in oitro. This reaction was completely dependent on a DNA template, and the presence of nucleoside triphosphates and Mg2+ (Table 2) . No labelled TCA-precipitable product was recovered if 1 pg RNAase A or DNAase I was included in the reaction mixture. RNA synthesis was sensitive to rifampicin and heparin, both known inhibitors of the initiation of RNA synthesis.
Activity on exogenous templates
Bacteroid RNA polymerase preparations utilized DNA from phages P22, A and T7 as templates for RNA synthesis in vitro twice as effectively as did the enzyme from vegetative cells; RNA polymerase from both sources utilized calf thymus DNA and poly d(AT) to similar extents (Table 3) .
Identification oj' a sigma-like protein
The subunit composition of RNA polymerase was identified further by the method of Lowe et al. (1979) using Bio-Rex 70 and DEAE-cellulose chromatography in tandem. It has been shown Table 2 . Requirements of the RNA polymerase reaction RNA polymerase reactions were done as described in Methods for the standard RNA polymerase assay, where 3 pg purified RNA polymerase was added to each reaction mixture. RNAase A, DNAase I, ripampicin and heparin were added to the reaction mixture before beginning the incubation at 37 "C. In the complete reaction mixture, 100% activity represents 122 and 174 pmol UMP incorporated in 10 min at 37 "C for bacterial and bacteroid RNA polymerase, respectively.
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RNA polymerase activity (7;) Reaction Based on analysis by SDS-PAGE (Fig. 4, lane l) , one major protein, of molecular mass 82 kDal, was eluted from the DEAE-cellulose column when bacteroid RNA polymerase was applied to the tandem column. This 82 kDal protein represented 95% of the total protein eluted from the DEAE-cellulose column. The protein banding pattern before and after Bio-Rex 70 column chromatography was also compared by SDS-PAGE. The major difference observed was the absence of the 82 kDal protein after the Bio-Rex step (Fig. 4, lane 2) . Similar results were obtained with RNA polymerase isolated from vegetative cells (Fig. 4, lanes 3 and 4) . On this basis, the 82 kDal protein of R. japonicum RNA polymerase was tentatively classified as a sigma-like protein.
The role of the 82 kDal protein as a sigma-like factor in R. japonicum holoenzyme RNA polymerase preparations was tested using phage T4 DNA as a template. Core RNA polymerase (PP'a2) isolated from E. coli has a reduced ability to synthesize RNA using T4 DNA as a template, when compared to the holoenzyme (Lowe et al., 1979 ; Zimmer & Millette, 1979) . RNA polymerase isolated from R . japonicum vegetative cells and bacteroids was eluted from a Bio-Rex 70 column and tested for its ability to direct RNA synthesis, using T4 DNA as a template ( Table 4 ). The activity of the enzyme after Bio-Rex 70 chromatography was less than that of the corresponding holoenzyme. Reconstitution experiments with purified sigma factor were difficult due to the apparent instability of the protein. When purified E. coli sigma was added to core RNA poIymerase from either E. coli or R. juponicum, a two-to threefold stimulation of RNA synthesis was seen. An increase in RNA polymerase activity was also seen in most experiments with the 82 kDal protein from vegetative cells or bacteroids with core enzymes from either form of R. japonicum. Fig. 5 . Electrophoretic analysis of RNAs synthesized on T7 DNA using RNA polymerase from vegetative cells and bacteroids of R . juponicum. RNA polymerase reactions were done using prebinding conditions on wild-type phage T7 DNA (a) and DI 1 1 phage T7 DNA (b), as described in Methods. RNA samples containing approximately 50000 c.p.m. were analysed by agarose-acrylamide gel electrophoresis. A and C refer to the RNA transcripts which are initiated at the A and C early promoters on phage T7 DNA. Lanes I and 4, E. coli RNA polymerase; lanes 2 and 5, R . juponicum vegetative RNA polymerase; lanes 3 and 6, R . juponicum bacteroid RNA polymerase.
RNA synthesis on phage T7 DNA The specificity of promoter recognition by R . japonicum RNA polymerase was characterized using wild-type phage T7 DNA as a template. Wiggs et al. (1979) have shown that, in uitro, RNA polymerases from several bacterial orders recognize the same subset of early promoters on T7 DNA as are utilized by E. coli RNA polymerase in uiuo. To determine if these promoters were also recognized by RNA polymerase from both vegetative cells and bacteroids of R. japonicum, the 2P-labelled RNA synthesized in vitro was analysed by agarose-acrylamide gel electrophoresis. A single transcript with an apparent molecular mass of 2.5 x lo6 kDal was synthesized in uitro by RNA polymerase from both sources (Fig. 5a) .
The RNAs synthesized using phage T7 Dl 11 DNA as a template were also characterized. Phage D l l l is a mutant of T7 in which two of the three A gene promoters have been deleted. Use of this DNA as a template, in vitro, allows one to analyse for the recognition of other T7 early promoters by RNA polymerase. When T7 Dl 1 1 DNA was used as a template in vitro for RNA polymerase from R. juponicum, two major transcripts with apparent molecular masses of 2.5 x lo6 and 1-7 x lo6 kDal were synthesized (Fig. 56) . These two transcripts correspond in size with the A and C transcripts synthesized by E. coli RNA polymerase both in citro and in viuo. In some reactions, a third transcript with an apparent molecular mass of 7.5 x lo4 kDal was also synthesized (data not shown). This RNA corresponds in size with the D transcript synthesized by E. coli RNA polymerase in uiuo. (1979) . Samples (100 pl) were taken at the indicated time points and analysed for [ ' T I A M P incorporation into TCA-precipitable material.
Using the method of Chamberlin et al. (1979) , several kinetic parameters of bacterial RNA polymerases can be estimated, including the elongation rate, the efficiency of transcriptional termination, and the amount of active enzyme which is present in a given RNA polymerase preparation. A requirement for this type of analysis is that RNA polymerase must initiate almost exclusively at the A promoter when wild-type T7 DNA is used as a template in vitro. This was shown to be the case for purified RNA polymerase from vegetative cells and bacteroids of R. japonicum (Fig. 5 0 ) . Therefore, a time course of RNA synthesis on T7 DNA can be used to calculate the above kinetic parameters for R. japonicum RNA polymerase.
The elongation rate can be calculated from the amount of time it takes to complete the first linear phase of RNA synthesis (Fig. 6) , and was estimated to be 12 and 13 bases s-' for RNA polymerase from vegetative cells and bacteroids, respectively. The second linear phase of RNA synthesis in Fig. 6 represents read-through of a transcriptional termination signal. The efficiency of transcriptional termination can be determined from the ratio of the slopes of phase 2 to phase 1 and was found to be 85-88% for both enzymes. The amount of active enzyme in the vegetative and bacteroid RNA polymerase preparations was estimated to be 13 and 27%, respectively.
DISCUSSION
We have purified and characterized RNA polymerase from vegetative cells and bacteroids of R. japonicum. The physical properties of the enzyme from both cell types appeared to be similar according to the following criteria: (1) the final specific activities after DEAE-cellulose chromatography ; (2) the elution profiles after DNA-cellulose, DEAE-cellulose and Bio-Rex 70 chromatography, and (3) the sedimentation properties determined by glycerol density gradient centrifugation. In addition, the subunit composition of the enzyme from both sources was similar after DEAE-cellulose or Bio-Rex 70 chromatography as determined by SDS-PAGE. The total RNA polymerase activity in crude bacteroid extracts was much lower than that found in crude extracts of vegetative cells. However, this activity increased after several steps of purification (Table 1) . This is consistent with the removal of inhibitors from the RNA polymerase preparation which would inhibit RNA synthesis in uitro. The electrophoretic mobility of the major subunits of RNA polymerase from both cell types after DEAE-cellulose chromatography corresponded to those for E. cofi RNA polymerase. A few minor constituents appeared to co-purify with RNA polymerase from both vegetative cells and bacteroids. These proteins are either minor contaminants or associated polypeptides which have an as yet undefined role in vim.
The 82 kDal protein was identified as a sigma-like factor for RNA polymerase from both vegetative cells and bacteroids of R. japonicum. This was based on both its elution properties on Bio-Rex 70 and DEAE-cellulose columns, and the reduced ability of RNA polymerase from either source to transcribe T4 DNA when the 82 kDal protein was removed. The decrease in RN A polymerase activity for R. japonicum RNA polymerase after Bio-Rex chromatography was not as dramatic as that observed for the E. cofi enzyme. This may be due to different transcriptional properties of R. japonicum core RNA polymerase on T4 DNA, or a contamination of the core RNA polymerase preparation with some active sigma.
The 82 kDal protein was present in RNA polymerase preparations from both vegetative cells and bacteroids. While bacteroids isolated from nodules were contaminated with some vegetative bacteria, more than 80% of the bacteria in 40-to 50-d-old soybean nodules have differentiated into bacteroids (Ching & Hedtke, 1977 , and our unpublished data). Therefore, it is unlikely that the presence of the 82 kDal protein in bacteroid preparations of RNA polymerase was due solely to contamination by vegetative bacteria. The similar purification properties of this protein from both sources, and the transcriptional properties of the holoenzyme, as compared to the core enzyme, on T4 DNA suggest that this protein is utilized as a sigma-like protein for RNA polymerase in vitro, and probably has a similar role in viuo.
The requirements for RNA synthesis were similar to those of other prokaryotic RNA polymerases, and the enzyme from both sources was sensitive to rifampicin and heparin. Several exogenous DNA templates were utilized by RNA polymerase in uitro. The enzyme preparation isolated from bacteroids was able to utilize the phage templates twice as effectively as the enzyme from bacteria. This difference in template utilization is most probably because there was twice as much active RNA polymerase in the bacteroid preparation, as measured by the method of Chamberlin et a/. (1979) .
Promoter utilization was measured directly on T7 DNA by analysing 32P-labelled RNA synthesis. There did not appear to be any major differences between the two sources of R.
japonicum RNA polymerase in promoter utilization. In both cases the enzyme used the same early promoters as E. cofi RNA polymerase. Only one major transcript was synthesized when wild-type T7 DNA was used as a template, while two major RNA species corresponding in size to the A and C transcripts were synthesized when T7 D l l l DNA was the template. This pattern is consistent with that found with RNA polymerases isolated from a wide variety of bacterial orders (Wiggs et af., 1979) , and indicates that preparations of RNA polymerase from vegetative cells and bacteroids of R . japonicum contain an enzyme with a promoter recognition mechanism similar to that of other prokaryotic RNA polymerases.
Since RNA polymerase isolated from both forms of R. japonicum was found to utilize the A promoter exclusively on wild-type T7 DNA, the elongation rate and efficiency of termination could be estimated, using the method of Chamberlin et af. (1979) . These kinetic parameters were similar for RNA polymerase isolated from both cell types and were within the range of those reported for other prokaryotic RNA polymerases (Wiggs et af., 1979) . Krol et af. (1980) have demonstrated that the plasmids present in Rhizobium feguminosarum containing the nitrogenase structural genes are heavily transcribed in bacteroids and not in vegetative bacteria. The promoters of the n$genes from Kfebsiefla and several Rhizobium species have been compared recently (Ausubel, 1984) and found to share sequence homology.
Transcriptional control of the nij'genes in Klebsiella is complex and involves both the nif'LA gene products as well as the ntr regulatory system which controls many nitrogen assimilatory genes. A similar type of control may also function in Rhizobium. The R. meliloti nif'H gene can be activated in E. coli by both the Klebsiella nijA gene product as well as the ntrC protein from E. coli (Sundaresan et al., 1983) . These proteins may, therefore, be functioning as positive regulatory elements in directing the controlled expression of the nifgenes in uivo. In order to determine which of these functions are necessary and sufficient to direct nij'expression requires the transcriptional analysis of the nif genes in 1:itro. The purification and characterization of RNA polymerase from R. japonicum presented here should help in the dissection of the transcriptional control of nif and other symbiotic genes in Rhizobium.
